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(54) A SOLID CEPHALOSPORIN SALT 

(71) We. TAKEDA YAKUHIN KOGYO KABUSHIKI KAISHA. also 
kno^n as TAKEDA CHEMICAL INDUSTRIES LIMITED, of 27 Doshomachi 2- 
chome. Higashi-ku. Osaka. Japan, a ioint stock company of Japan, do hereby 
declare the invention, for which we pray that a patent may be granted to us. and the 
method by which it is to be performed, to be particularly described in and by the 
following statement: — 

This invention relates to solid cephalosporin derivatives of the formula: 


-CH^CONM 



2MX . nH^O 


( I 


(wherein X is chlorine or bromine: and n is a number from zero lo 6> 
and to a method of producing said derivatives. 

Heretofore it has been knoun that the compound having the formula 



( n ) 


:ooH 


ha> an cuLcllent antibiotic acliviiv (West German Patent Application As Laid Open 
'yt^ ^1^1: One of the disadvantages ot compound (II) is that its purification is 
vcr> dimcult because of the presence of two basic groups, i e iminothia/oline and 
dimcthvlammo. and one carbosvl group withm its molecule and its high water 
soluhilitv Xnother disadvantage is an madeguatelv long shelf-lifc because of being 
unstable in the free acid form (/witter ion) or in the form of its salt with a base 

Research undertaken to ovrrcome these disadvantages has shown that a solid 
cephalosporin derivative (!) ma> be produced b> reacting said compound (II) or a 
saL thereof with at least 2 molecular equivalents of an acid of the formula HX 
(Where the ssmbol has the same meaning as defined hcrcinbef.uc ) in the presence 
of water ,f necessar> and collecting the resulting solid materials that the 
compound (I) thus obtained is highiv stable in storage and. that where the 
compound (I) may be recovered in crvstalline form, the impurities v^hich arc 
o hcrv*,sc difficult to remove b> conventional purification procedures can be 
almosi complelelv removed This invention is predicted on the above findings 

I he compound of formula (I) includes not more than 6 molecules of water 
There arc six different hvdrales. from mono- to he. .hydrates, there are also cases 


10 


1^ 


25 
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in which less than one molecule of water is absorbed and/or incorooratcd 
dependent upon the conditions of production, and even in such "^«s the 
coinpound may be recovered and isolated as crystals. While the anhvdrales Jrl 
amorphous or crystalline powders they may carrj less than one mok c^f ah "rbcd 
dctr^^nXT'l P^": Normally the compound (1) the water content of IhiJS 
detcrmmed by Karl Fischer s method is more than about 1° shows a crvstall nc 
form m powder X-ray^difTraction pattern, and the compound of ^ormilTc I Se 
water content of which is more than about 0.3%. showsV cnstall ineTo m unic? 
^nlnZ^ microscopic observation. The compound (I) can also be isolated as the 
amorphous stale in powder X-ray diffraction pattern and under polar / n^ 
!;ient*or' These products also fall within the sCpS of thi? 

In terms of stability and purity, n is preferably in the ranae of n l<«<j 
crv^o' n"- «f '^"^2. in which case tSe'comp^un'd f M i m 

crystalline form From a commercial point of view, such products a^dJsirahle as 
hav.ng an n value of about I or about 2. The compound (!) m?v also" mt"n f 
quantity of a reaction solvent such as methanol, ethanoi. propa^o or a" ; "nc Tnd 
.^'r^r^sir'nlS"'''""'"'"""'*' ^'^ involved^inlhe com^n^d" (1?:^ 

The compound (I) may be prepared by />rr5f known means That is to sa% th.- 

(m ra"sal hrrJof wi.h'':r'; ? " ' T'"'^""" Mart.ng"ma.5?uu'::mn^.und 
(II I or a salt thereof with at least 2 molecular equivalents of an acid of the formula 

li.r,.. . IL""" °^ "^^'^ necessary and collecting the result in J Sid 
materials As the starting compound (II). use mav be made. f«,r example ,f^ u X 

ItZZT'"'' '''%^r'*«"nd <«l) has been svnthesi/ed ( ra solut L^S 

obtained b> removing most of the impurities from this reaction miliurt ( \i 
pov^der obtained by admixture of the solution obtained 2 wX a sot cm m 
*h,ch the compound (II) is only sparingly soluble, and (4) he powder ^bta ned 
concentrating to dryness or lyophil./ing the vWution obtained in (°rThJ Mart.np 
^oTnr^t Tr' ^ subieced ,o the presem reaction m the fre; form /t . e^^ 
^ ' «^ ^'kaline earth met^ S as 

h"dVoh7,m, <^'-<->c'''hexyIamine. the acid HX is hvdrochl one ac.d or 

star, no 'm^^ ""^ obtainable as a bs -product m preparmS ihc 

' t in m r / " "'^^ ""^•"^"^ 'he range of'fr or^ 

. to 10 molecular equivalents and preferabls within the range of Trom ^ lo (. 

e'suhmr'm'"\r"H"^r'": ' T^'' '"•""^ ^«artmg compound 
resulting m some difficulty to obtain homogeneous crsstals uhile in 

reactlontr™Vr ^'dd. punf.canon cfnc.cncv. cu <hc 

muture (hereof The organic soUem for use in the reaction m;n he 


or a 


(I) >oKcni .n N^hich the contemplated compound (h is onK sparmgK soluble 
and >^h,ch ,s soluble m v^aler. eg ethanoi. n-propanol. .sopropanol but no 
-ohu.anol. acetone. meth>l ethyl ketone, aceton.tnle. tetrahsdrofun," or dioxanc 

i2) a mtxturc of a soKcni such as those nTiiiDni'd At il\ i i 

v^h.ch (he contemplated compound (iHsTe'ad slwe and^'^^ \l M ' 

uu ana inc !>pc of impuruv contained but. when use is made of a matrr .1 ttu 

Sur?" ['Jch'^aT^fror:;?' '"k "' ''''''T' ^ -:st^u^n:l pJlm" , ,'„' 
procedure such as chromatography on an adsorbent column, the reaction is 
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conducted for from 30 minutes to 24 hours, preferably from 30 minutes to4 houra. 
The reaction product \s isolated by nitration, ccntriruging or lyophilutatton. Tor 
instance When the organic solvent is included in the isolated compound (IK the 
compound (I) may be used as it is if the included organic solvent docs not harm its 
stahilit> in storage and its usage. S 
The follo^^ing are preferred modes or embodiments of this invention. 

(A) The compound (II) is dissolved in such a solvent as mentioned above, 
followed by the addition of a calculated amount of HX (wherein X is as 
hereinbefore defined). The reaction product is lyophilized. The lyophilate is dried 

iO under reduced pressure and in the presence of a dehydrating agent such as silica gel 10 

or phosphoric anhydride, thereby to obtain the anhydrate of compound (I). 

(B) The compound (II) or its salt is dissolved in water or a mixture of water with 
one of the aforementioned hydrophilic organic solvents, followed by the addition 
of HX. After the reaction has been completed, an organic solvent in which said 

1^ contemplated compound (I) is only sparingly soluble is gradually added to the 15 
resultant solution until the solution begins to take on turbidity. The solution is 
allowed to stand for 1 to several hours, then an organic solvent in which the 
contemplated compound (I) is only sparingly soluble is gradually added until 
cr>5tals cease to separate out. The crystals thus obtained are recovered by a 

20 procedure such as filtration or centrifuging The crystals take various forms of 20 
hydrates depending on the crystallization conditions, e.g. temperature, solvent or 
cryslalli/aiion time, but arc normally tri- to deca-hydrates. The crystals obtained 
sometimes carr> small amt>unis of an organic solvent depending on the reaction 
conditions, hut such organic solvent can usually be removed by drying under 

2^ reduced pressure, if necessary. However, some kinds of organic solvent are 25 
difficuU to remove b> simply drying under reduced pressure and in that case, the 
crvstals arc dcsirabh contacted with water vapour until about 5 to 10 molecular 
equivalents of water per mole of the anhydrate of compound (!) have been 
ahvirhed and the oraanic solvent is thereby removed. The water-containing 

3n product obtained is then held under reduced pressure (about 0 to 20 mmHg). 30 
wherebv the water is gradually removed to yield crystals of the hexahydratc. 
pcntahydrate. tetrahydrate and then trihydrate in the order mentioned If the 
irihydraic crvstals are allowed to stand under reduced pressure as above and in the 
presence of a dehydrating agent such as phosphoric anhydride, there are obtained 

3^ crystals of the dih\draie, monohvdrale and nnalN anhydrate in the order 35 

mentioned Less than one mole of water may be contained (absorbed or 
incorporated) m ihe^e crystals AltcrnativeK. less than one mole of water as 
removed from the various hvdrates may be considered to be contained (absorbed 
or incorporated) in these hvdraies and there mav he obtained a mixture of 

4() dissimilar hvdrate:.. . 40 

(C) The above lyophili/ate (A) is contacted with water vapour, whereupon the 
vapour is absorbed to \icld crvstals of hvdrate. As the crystals are dried, the 
hexahvdrate. pcntahydrate. tetrahvdrate. trihydrate. dihydrate. monohydrate and 
anhydrate are obtained in the order mentioned, with less than one mole of water 

being contained (absorbed or incorporated) m these hydrates and anhvdrate 45 

(D) The compound (II) or its salt is dissolved in water containing about 5 to 35"„ 
of MX (wherein M means sodium, potassium and lithium and X means chlorine or 
bromine), followed bv the addition of HX. By cooling of the solution, the 
wonictnplaied compound (I) begins to precipiiaic as crvstals The crystals'thus 

V> obtained arc recovered b> a procedure such as nitration or centrifuging. As the 50 

crvMals arc dried, the pcntahydrate, tetrahvdrate, trihydrate. dihvdratc. 
monohydrate and anhydrate are obtained in the order mentioned, with less than 
one mole of uutcr being contained (absorbed i>r inc4>rporatcd) in the hydrates and 
anhydrate 

» To the mixture of compound (II) or its salt and the aforementioned organic SS 
solvent in which the contemplated compound (I) is soluble is added anhydrous HX. 
The resulting mixture is filtered, if necessary, and the filtrate is mixed with the 
aft)remcni!oned organic solvent m which the contemplated compound (I) is 
sparingly soluble The resulting precipitates recovered bv a procedure such as 

W> filtration or centrifuging are dried under reduced pressure and in the presence of a 60 
dehydrating agent such as silica gel or phosphoric anhydride, whereby an 
ami>rphous p<mdcr of the anhydrate of compound (1) is obtained. The resultmg 
crystals of the contemplated compound (I) contain 2 moles of HX per mole of 
starting compound (II) as confirmed bv elemental analysis and titration or other 

^^ quantitative analysis. The crystallinity of the compound (I) mav be established bv 6^ 
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mole by drying, but interference coi^uJ^^^^^^^ '«? 'h^" ""c 

under a polarizinn microscope. crystallinity) are slill observed 

The products obtained by the above mn<l«c < a i ..^ < c 
•n a powder X-ray diffraJiion Sue" a^^iS« ^i^,'* "*"»">^'"«n»h^ 

ha;e tben .ost the cryuanJn'i^ ^J^oWj^^^^^^^ 

in thrforof TSaU 'anSraMliy ^^^"J' !? P"« 'o use 

such crystals, or in somr cS^fal an ZomK"* obtainable by drying 

miectable or oral Prepara'SS i" coniirSn^.iT*'"- °' "^"^ « 
alkahne earth metal salt, e.r *od"um b SIST-rrL^^ "^^^^ 
phosphate, that is to say. atttrWSmeili^TfU^^T S»'^"a«e or irisodium 
strength For example, a u*Io„ inhTco ' ei^^^^^^^^ i""*^ 
soluoon containing a «oichioXtrically 

(heremafter called the C- solutionrma?nS?3t2 of sodium carbonate 

e g a disinfectant for surgifal in?rrumJms hSToL^r^^*^^^^^ t " """"icide. 
also be mtramuscularly or imraTnoSSl ,H™?i 
including man. tnouse. ra^and dS f^"th^^,^aZ^^^^^ 

hy Gram-positive bact^ (e « ^SL!fc.7«I^ °^ '"fectious diseases caused 

(e g. Bschrr.cf,iacoTKMs e£)^^Z^ Gram-negative bacl^a 

When the contemplated cofipSIITn^ TuC^S « ^V^^^^^ »»«^ ) 

msiruments. and iueous Son con ai^iSJ •«? 'T'*' for surgical 

compound (I) per milliliter may bJ preS an'd ^r/J^ 
the management of an urinarv tract inf*r!i««?^^ sprayed over the insirumenis For 
mouse, the "C " solution con ,^; ::^'::^.rr_^Jl"*«'*>' ^ cot, m man or 
contemplated compound il) v^7kZ»m "^^^^^'^^^ basis) of the 

administered daily .^three d vSed do«s h AlVH^l '"''«venouslv 
covers compounds of formula iU^ JrZi 'hat the inven.ion 

Pharmaceu..cally acceptable c^r/Zcrs or diKs ,h^^^^^^^^^ 

Th^ ant^k.^. I Reference Example 

(I) 


Aniibacterial spectrum (a^ar diluiion) 

^faphvlococcm aureus FDA 209 P 
Sfaphvtococcus aureus 1 840 
£tfArr/r*iflfo/i N|HJ JC.2 
Escherichia coli 0- 1 1 1 
Escherichia coli T-7 
Klehsiella pneumoniae DT 
/^/-afrttt vulgaris IFO 398« 
/^rofrtti morgana IFO 3H48 

Acute loHicny (mouse, iniraperiioncah 


0.39 mcK/ml 
0.78 mcR/ml 
0.2 mcg/ml 
0.05 mcR/ml 
I 56mcR/ml 
0 1 mcR/ml 
1.56 mcg/ml 
0 39 mcR/ml 


^ t)»o^20 It 

The acute toxicity data relate to a I i /k^ .i ^ 
compound (1) and sodium carboSaie ' "^^^^ contemplated 


AT 



r>i • J 


CO Oh 


o 


! ^ 


20 


1 ^C-''-- j f S N— N 

( I ) T., 4f)fJ p of 2-(N.N-d,mclh>lam.noSrhvlamme *erc added M I of ether ;*nH ^ 
dro :;:e':'^,K!.'V;Vc";\J <i'-'n<ic and 4.0 . ofe.hef.'J'aVd^'d 

the same ran^e The a "e l^^i dK^-Herf "fmnM a, ^ temperature in 

eth>l acetate lavers IxxtXl^tr^dl !."k ^ i r""'"' ''^*="'>' ^^-'^'^'^ The 
sudium chloride dried mrr anhxdro^v i a saturated aqueous solution of 

-•^ cr.Mallme residue Jis rec 's,all",ed Sw^^^ '"'^s'on'"1 <.M>ncentrated The 
aho^e procedure there we robta.ned S7^^^^ "u ""he^ane. By the 

cihvl.mme carb.xi.th.oa^r' vield 7S " Lt^"'"'"'^'-]?-^^-^-*'""*^'*'^^'^'"")! 
ah.nc cnstals were added I 0^ of eih^n;i iii"'' ftl-62''C. To 520^ ofthe 

^a.cr. and .he mixture la hLied uJrf^^^^^ 'T^'"'" '^i^'' ''"^^ ' ' ' P"^' 

^" xolul...n of S2 „ o S mcthvl P !i V r ^ ^o this was added a 

crvstals ,n 100 ml f ctT^^nol fol l^weH LT carbodithioate 

coded to 20-C and fiS^le ;^dl,n\7"nV"^^ ' "^♦^ ^''^ 

pH : i„ < vnth coAr^nM^ ^ I ^ u, - " ' P"""^ ^a»er. t was adiutted to 

was d^triicd S under uni" ^ed-^d - ' 2 "r"^" The'erhano 

Amberliie IR-i20{H form) the rcs-n hem^^^^^^^ the residue was passed over 


35 


40 
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50 


6 


1. 589.84 1 


6 


pooled and concentrated. As crystals. 350 g of l-l2-(N.N-dimethylamino)ethyl|-5- 
mercapto-IH-tetra2ole were obtained. °„ yield 69.3*„: meltinft point: 218— 2l9"t. 
NMR (in D.O. with a stoichiometric amount of NaHCO,) t- 
5.33 (2H.t. 


. —CM, ^ 6.50 (2H. t, — CH,N ). 7.20 (6H. s. -N ) 

\ \ 


CH, 

(2) To 2.6 1 of water were added 206 g of 7/i . |2 -(2 • imino -4 . thiazolin 4 - 
yDaceiamidol -3 - acetytoxymethyl -3 -cephem -4 • carbonvli : acid and, under 
slimng. 86.5 g of the M2-<N.N-dimcthylamino>ethyl|-5-mercaplo-IH-tctra/olc 
obtained in (I) above were added together with 42 g of sodium hicarbonalc The 

l<* mixture was stirred at 65*'C for 75 minutes, after which time it was cooled \o IO"C 10 

The mixture was adjusted to pH 2.0 by the addition of 250 ml of 5N-HC I and the 
resultmg msolubles were collected by filtration and washed with water The filtrate 
and washings were pooled, adiusted to pH 5 2 with sodium bicarbonate and run 
onto a column of 10 I of Amberlite XAD-2 (100—200 mesh> The column v^a-i 

I v^ashed with 60 I of water, and elution was carried out with 20°.. methanol and. 15 

then, with 40,. methanol I! liters of fractions containing the contemplated 
product are concentrated to 5 I and passed through a column of 300 g of activated 
aluminium oxide ^'Activated Alumina" (about 300 mesh) manufactured bv Wak4> 

^ Pure Chemical Industries, Ltd. in JapanI and a column of 100 ml of Amberlite IR- 

l20(H-form) The column was washed with water. The effluent and washings were 
pooled and concentrated to 2 I. The concentrate was cooled to 5**C and stirred vnth 
5 g of activated charcoal for 5 minutes, and the charcoal was then filtered off The 
filtrate was lyophili/ed By the above procedure there were obtained 51 2 g of 7,J - 
'2 - (2 - imino - 4 - thiazolin - 4 - yDaceiamidol • 3 - II - (2 - (N N - 

^5 dimeihylamino)ethyl| - IH - letrazol - 5 - yllihiomethvl - 3 - cephem - 4 - :< 
carboxylic acid. 

NMR (60 MHz. D,0) t: 3 45 (s. thiazoline 5-Hl; 4 n (d, 7.H) 4 HK (d 6-Hi 
5.0-6 7 (m. 5>rCH,): 6 95 (s. 2mCH,) 

(3) In 10 1 of \%ater were dissolved 263 g of a Ivophilatc of 7;j - |2 - (2 - imin*> - 
4 - ihia/olin - 4 - yhacetamidol - 3 - II - 12 - (N.N - dimcthviamino>ethvlI - 
IH -letra/oi - yl| * thiomethyt -3 - cephem -4 • carboxvlic acid obtained b\ 
repeating s\x times the pr(Kedure of (2) above, the puritv of v^hich determined h\ 
high-speed iiguid chromatographv \ias Q3'\. on anhvdratc basis, folloued hv the 
addition of ! 0 I of acetone and. then. 150 ml of I2N-HCI 

Following the addition of 20 g of activated charcoal to this soluiH>n. the 
muture \*as stirred at 5*C for 10 minutes, and then the charct)al v^as filtered Mf T*» 
the niiraic \^ere added 5 I of acet4>ne and the mii^iurc v^as stirred at !()*'C ft»r I ht>ur 
Then. 1 t ot acetone were further added and. after an hour's stirring, the rcsuitinif 
cr\s(als \*cre collected b> filtration, washed 4 times uith 500 ml p4»rtu»ns of .»cct4>nc 
and dncd Bv the above priKedurc there were obtained 262 ^ crvstaK of %aid 
carbiiwlic acid dihvdrochloride monohvdrale (vield 94",, on \\s pure product 
b;»sis> 

IR (KBn cm ' 1770 (;Mactam) 
Mcmental analvsis. ft>r C„H„N^O,S, 2HC1 H/) 
^ Calcd C.35 06; H.4 47: N.:0 45: S. 15.60; ( I. M M) 


Found C. 34 K7. H.4.^;: \, 20.(11. S. 1^ 3.V ( l! I I 24 


40 


45 


Water Content Calcd 2.92** 
Found 3J5\' 

NMR (60 MH/. D,0» T 3.20(s, ihia/olinc 5-Hl. 4 2<i (d 7-H) 4 7S (d ^.h* 
N<) 4 9-6 5 (m. 5>rCH,». 6.85 (s. 2kCH,) 50 

The puril> of this product as determined b> high-speed liquid chromai4>(zraphv 
uas 99 6'\. on an anhydrate basis, and the powder X-ray diffraction pattern of the 
product shovfced that it was crystalline. 

Conditions of liquid chromatography. 

Partition column Hitachi Ion Exchange Resin 2614 (manufactured bv Hitachi. 55 
Ltd. Tokyo. Japan). 2.1 mmi<50 cm; column temp. 50*C: eluant'0.3M citrate 
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10 


1*^ 


bufTcr. pH 6.5. 0.2 ml/min.; pressure 4.3 kg/cm': recorder sensitivity 10 mV; 
recording paper speed 2.5 mm/min. 

(4) In the presence of phosphoric anhydride and at 35*C. 10 g of the crystals 
obtained at (3) above were dried in wiw (2 mmHg) for 3 houn to obtain 9.8 g of 
ponder of said carboxylic acid dihydrochloride 0.64 hydrate. Water Content: 1 .9*.;. 
Content. 1.9"/;,. 

Based on its powder X-ray diffraction pattern, this product was found to be a 
non-crystalline powder. Observation with a polarizing microscope showed that 
rotation of the object stage caused the product to produce interference colour 
through crossed Nicol prisms, attesting to optical anisotropy and therefore to a 
crystalline powder. 

(5) In 200 ml of water were dissolved 20 g of the crystalline product obtained in 
(3) and the solution was cooled to I0*C. The solution was passed through a column 
of 1 35 ml of Amberliic (trade mark) IR-45 (OH-form) over a period of 30 minutes 
and the column was washed with 300 ml of water. The effluent was lyophilized to 
recover 16.0 g of 7/J - 12 - (2 - imino - 4 - thiazolin - 4 - yl>acetamidol - 3 - 11 • 
12 - (N.N - dimethylamino) - ethyll - IH - tetra/ol ■ 5 - yllthiomethyl - 3* 
ccphcm - 4 - carboxylic acid. The water content of this product was 3,20P«, with its 
purit> as determined Hy high-speed liquid chromatography being 99.2"„ on an 
anhydrate basis. 

Example 2 

In 30 ml of water were dissolved 10 g of 70 - 12 - (2 - imino - 4 - thia/olin - 
4 - >l)acctamidol -3 -11 -12 - (N.N - dimethylamino)cthyl| - IH - tetra/ol -5 - 
yllihiomcihvl • 3 - ccphcm - 4 - carboxylic acid obtained in Example M2) and. 
under siirrmg at 5'C. 5.5 ml of I2N-HCI and 150 ml of methyl ethyl ketone were 
added. The mixture was stirred for 3 hours and then allowed to stand at 5**C 
overnight The resulting crystals were collected by filtration, washed 4 times with 
20 ml portions of mcihyl ethyl ketone and dried. By the above procedure there 
were obtained 10.5 g of crystals of said carboxylic acid dihydrochloride dihydrate. 


10 


15 


20 


25 


M) 


fclcmcnial anaUsis. for C.H^N.O^S, • 2HCI • 2H,0 

Calcd C.3407: H,46l: N. 19.86; 

Found C,33 94: H,4 K0; N. 20.02: 
Water Content 

Calcd 56«". 

Pound 5 HCr., 


CI. 1117 
CI. 11.15 


30 


35 


In 


Example ^ 

1.5 ml of \fcalcr there v^as dissolved 0.53 g of 7/i - 12 - i- 


imino - 4 


ihia/olin - 4 - yl lacctamidnl - 3 - II - (2 - fN.N - dimcthylamino)c!liyl| • IH - 
ictrayol - 5 - vllihiomclhyi - 3 - ccphem - 4 - carhoxvlic acid as obtained in 
4^* Example H2) and. at 5*C. 0 7 ml of 5N-agueous volution of HBr was added. 40 

I olUmmg the addition of I I ml of acetone, the mixture was stirred at I0**C for 2 
hours Then, 5 ml of acetone uerc further added, and the mixture v^as Mirrcd at 
25''C for I hour the resulting crvsiaU v^crc collected b> fillralion. v^ashed 5 limes 
with 2 ml portions of acetone and dried in the air. The prtxluci v^as then dried in 
4^ vacwt to vield 0 56 ^ crvstals of said carhoxvlic acid dthvdrohromidc dihydrate 4^ 


NMR (60 MM/, in D/)} t 3 22 (s. thia/ohne 5'H). 4 26(d. T-H). 4.7S (d. 6-H). 

4,9-^.5 (m. 5i?CH,K f).8K (s. 2wCH,). 
The crystallinii\ of this prixJuct was confirmed b> ptiwder X-rav diffraction 
and polari/ing microscopic observation 


50 


Example 4 50 
( U In 50 ml of \*aicr \*ere dissolved 5 26 g of a Ivophilaic of 7/i . 12 • (2 - imino - 
4 - thia/olin - 4 - vhacctamidoj • 3 - II - 12 - (N,N - dimelhvlamino)cthvl| - 
IH tclra/ol -5 - yll -thiometh>l -3 - ccphem -4 - carboxylic acid prepared in 
a similar manner to Example l-(2>, using 15 g for 5 g of activated charcoal (the 
^fcater content of which was 3.2*'... with its rwiticr ion component as determined b> 55 
high-speed liquid chromatography being 95.5**„). The solution \fcas c»H>lcd to 5**C 


10 


15 


40 


Water content: 4.2^;; (calcd. for C.,H„N.0^, .2CHI 1.5 H,0: 4 rj 

Elemental analysis, for C„H„N,OA 2HCI 1.5 H,0 

Calcd. C.34.56; H.4.19; N.20.I5 CI If 33 
Found C.34.21; H.4.03: N. 19.82: Cl'. IKSO 

Purity as anhydrale (determined by hiRh-speed liquid chromatouraphv) 95 3" 
Powder X-ray diffraction pattern: Non-crystalline " 
nt^l^Au* "''^f'T^opy (crossed Nicol prisms): no interference colours were 
observed when the slide was rotated. attestinR to the non-crystalline state 

(2| Two grams of the product obtained in stage ( I ) above were dried in vacuo in a 
Siwdeo fJm'""**' " " °^ carbo«ylic acid • 2HCI 0 17 ij 

Water content: 0.5% (Calcd. for C„H„N,0^, 2HCI 0 17 H O 0 » Pnr.i. 
a. anh^e (a, determined by high-spSedVuid chronTa og^iy^ "Vc^acr 
colZt " """""^ non-crystaliine: Polarizing m-c^^' „o imcr^^n" 


(3) In 0 5 g of pure water was dissolved I g of a Ivophilatc of the 7,'J - P . . 
imino . 4 - thia/ohn - 4- y|) - aceiamidol - 3- ||- n. (\ \ 
dimethylamino)elhyl| - IH - tetra/ol - 5 - yljihiomethvl - ^ - cenhem i ' 

to ;^n"]'S ;-C foM?K ' ' "i? '^t'V" 'J » -'ution latTllow^ld 
n ? n< °' '5 hours, ft was then dried in a phosphoric anhydride desiccator 
to yield 1.05 g crystals of said carboxylic acid dihydrochloride dihvdratc. 

Elemental analysis, for C„H„N,O.S, 2HCI 2H,0 

t*'*''*.. N. I^.W: S.IS.Ift; CI II 17 

Found C.33.84; H.4.63; N. 19.71: S, 15.40: CI.' 1 1 29 

Water Content: 6.00"„ (calcd. 5.68',); 

IR (KBrlcm ■: I770(A-Iactam). with narrow sharp peaks characteristic ,.f the 
crystal being in evidence at 1670. 1 190 and 1170 -«.«crisiK ,.i mc 

Enample 5 

In 25 ml of water were dissolved 5 < g of a Ivophili/aie of 7/j . |2 - (2 . ,mino - 
4 - thia/ohn - 4 - yUacetamidol - 3 - II - 12 • (N.N.dimethvlamino)ethvl| - IH ■ 

F amnlVl " "'^^oT*'^' ' ' ' * " "'^"^^''^ acid obtained m 

hxample I (2) (purity 93°.. on an anhydratc basis), follo^^cd h> ihe addition of >s ml 

been added, the mixture was stirred at I5°C for 1 hour, after which time H) ml of 
acetone were further added. The mixture was stirred for I hour and mtered The 
solid product was cashed 4 i.mes with 10 ml portions of acetone Upon drving 
there were obtained 5.55 g crystals of said ca.boxsl.c acid dihvdrochlonde 
monohydrate (Yield 92".. on its pure product basis) oinsoro.nioriOe 

Elemental analysis, for C„H„N,0,S, 2HCI H,0 
Calcd. C. 35 06: H.4,41: N. 20.45 


Found C. 34.48; H.4.4K. N.20.55. S. I5 22. 


S. 15 60. ( I. 1 1 

CI. 1 1 44 


4^ . rv., S P"^*-^" X-ray diffraction pattern of this prtxluct showed thai ,i >*as , 
crvstalline powder, w^h its purity as determined bv high-speed liuuul 
chromatography being 99.4^. on an anhydrate basis 

_ Fxample 6 

fVS ? -'hia/ohn -4 -yhacetam.do -3 .|i .p . 

(N.N ■ dimelh>lamino)ethyll - IH - tetrazol • 5 • >l|thiomcth>l - \ - cenhem 
4 - carboxy he acid dihydrochloride 1.5 hvdrate obta ned nThe same manner aTin 

•C u?et'hi ';irh"2^ mf Jf' TL' l*?""? l'"^ ,.5.^^ wTsnr^ed 

loV for^ hon . ^ Of "hanol for 2 hours The mixture was further stirred at 
time; w ih ^^ml• P'"'P"»'« collected hs Hhration. washed 4 

times with 15 ml portions of ethanol. dried in air and then dried under reduced 
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pressure and al 30*C. By the above procedure there were obtained 5.6 ^ of said 
carboxylic acid dihydrochlortde dihydrate. 

By powder X-ray difTraction and polarizing microscopic determinations, this 
product was established to be crystalline. 

Example 7 

(1) 5 0 1 of an aqueous solution acidified by I2N.HCI to pH 2.0 and containing 510 
g of 50 - 12 - (2 . tmino - I - thiazolin - 4 - yitocetamtdol - 3 - II - (2 - (N,N - 
dimethylaminokthyll . IH - tetrazol • 5 - yllthiomethyl - 3 - cephem - 4 - 
carboxylic acid obtained by repeating ten times the same procedure as in Exanple 
I -(2) were cooled to iO*C and, after the addition of 7.0 g of activated chaixoal, 
the solution was stirred for 5 minutes: The charcoal was removed 
by nitration and washed with 500 ml of water. The filtrate was combined 
with the washings and concenti^ted to 2.28 I under reduced pressure and at an 
mtemal temperature of 15 to I7**C. The concentrated solution was fihered again 
and washed. The filtrate and washings were 2.38 I, containing 478 g of said 
carboxylic acid. To the filtrate was added 0.2 I of acetone, followed by the addition 
of 1 70 ml of 1 2N-HCI. Then. 7 I of acetone were added over a period of 10 minutes. 
The solution was stirred at 5 to !0*C for 2 hours, and then an additional 7 I of 
acetone were added over 30 minutes, followed by stirring for an additional hour. 
The mixture was allowed to stand overnight and the resulting crystals were 
recovered by filtration and washed 4 times with I I portions of acetone. A portion 
of the crystalline product was taken and dried in a desiccator at room temperature 
and at 30 mmHg for 30 minutes. The dried crystal portion contained 8.9"« of water 
with 2.r« of acetone being incorporated. (Calculated water content based on 
CiiHyN.O^S, 2HCI 3H,0: 8.28'„). The crystals were transferred to a separate 
glass niter and gaseous nitrogen previously moistened by passage through a water- 
containing stripping bottle (the water temperature held at 25 to 30**C) was passed 
through the bed of crystals at a flow rale of 8 l/min, for 6 hours. The water content 
of a sample was 19 5\; calcd water content based on C„H„N.O^S, 2HCI 8H,0 
19.41**^ The product contained no acetone. The powder X-ray difTraction pattern 
attested to crystallinity. The crystals were spread into a bed as thick as about 3 cm 
and dried at 30*C and under a vacuum of 5 mmHg for 1.5 hours. (The water 
content of a sample was I7r«; the calculated content based on 
C,.H„N,O.S, 2HCI 7H,0 was I ^ 41** J. The crystals were further dried under the 
same conditions for I 5 hours (the water content was 1 5.4''„, the calculated content 
based on C„H^,N,0,S, 2HCI 6H,0 being I5 3^), and, then, for another 15 
hours (after which time the water content was 13 3*',,, with the calculated water 
content based on C„H„N,0,S, 2HCI 5H,0 being I3 08'J The cr\stals were 
further dried for 15 hours (the water content became 10.5'«. with the calculated 
ualcr content based on C„H„N,O.S, 2HCI 4H,0 being I0.75\) After drying 
under the same conditions for another 15 hours, the crystals had the following 
properties. Water content: 8 50^, (calcd Water content based i>n 
^..HjjN.O^S, 2HCI 3H,0 8.28'* j: Powder X-rav diffraction pattern: crystalline: 
CI content (determined bv titration of AgNO.) 10 6** (calcd for 
C .H„N,O.S, 2HCI 1H,0 10 8^) 

(2) The cnstals obtained in stage ( 1 1 above ucre dried at 30*( and at 2 mmHg in 
the presence of phosphoric anhydndr for 5 hours 

By this procedure, there were obtained 510 g of a crystalline product Water 
Content: 5 (calcd Water content based on C„H„N,O.S, 2HCI 2H O 
5 68**..): Powder X ray diffraction pattern: crystalline. IR (KBr> cm^ 1770 '(/J- 
lactam), uiih sharp peaks characteristic of crystals at 1670. !l9f)(sh.i and 1170. 

{}) The crystals obtained in stage (2) above were dried at 30*C and under a 

vacuum of 2 mmHg in the presence of phosphoric anhydride for 8 hours 

By this procedure there were obtained 495 g of a cr>stalline product 

Water Contem: 3 J (calcd for C,.H„N 0,S, 2HCr H,0: 2.92** J; Puritv as 

anhydrate (determined by high-speed liquid chromatography) 99 Powder X- 

r v^^c^*-Iu"« crystalline: Elemental analysis. for 

^ i»"jtjN^OaSj 2HCI ■ H,0: 

Calcd. C.35.06; H.4.41; N. 20.45: S. 15.60: CI 1 1 V) 
Found C.34 78; H.4.51. N.2062: S, 15.31: 01.1177 
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Residual solvent (acetone)— not ntore than 50 ppm; CI content (determined bv 
titration of AgNO,): 11.4?;. calcd. Il.50»/.: A max (H,0): 258 m^ (< 19,500): 
Btoassay*: 865 mcf^ml. 

^e bioassay by the cylinder method was carried out using 7A - (2 - (2 • 
imino - 4 - thiazolin - 4 * yi)acetamido| - 3 - 11 - 12 - (N.N • 
dimethylamino)ethyl| * IH - tetrazol - 5 - yllthiomethyl * 3 - cephem - 4 • 
carboxylic acid 2H CI salt as the standard product against Bacillus xuhtilh ATCC 
6633 as the assay microorganism. 

The potency of the anhydrous zwitter ion compound was 1000 mcg/ml. The 
calculated potency of a sample containing 2 moles of HCI per mole of the /witter I 
ton compound and none of nonbonding hydrochloric acid, water, residual solvent 
or other impurity is 878 mcg/ml. 


10 


Example 8 

In 20 ml of water there were dissolved 5.26 g of a lyophilate of 7/5 . |2 • (2 - 
*5 imino • 4 - thiazolin - 4 - yl)acetamido| - 3 • II . 12 • (N.N - I 
dimethyiamino)ethyl| - IH - tetra/ol - 5 - yllthiomethyl - 3 - cephem - 4 . 
carboxylic acid obtained in Example l-(2) (Water Content: 3.r«; the zwittcr ion 
content as determined by high-speed liquid chromatography: 93.5'*«). To the 
solution there were added 20 ml of acetone, followed by the addition of 4 ml of 
lON-HCI. Then, 96 ml of acetone were added with stirring at 20*C over a period of 2i 
10 minutes. After the mixture had been stirred for 2 hours. 72 ml of acetone \*crc 
further added over a period of 20 minutes. After the addition had been completed, 
the mixture was stirred for 30 minutes and the resulting cr>stals were collected by 
nitration and washed 5 times with 15 ml portions of acetone. The cr>stals were 
25 dried in moisture-laden air (relative humidity: 58"^) for 2 hours. By this procedure 2' 
there were obtained 6.0 g of moist crystals, the Water Content being \y„. This 
product was further dried under reduced pressure for 2 hours, whereupon 5.7 g of 
crystals (said carboxylic acid 2HCI 4H,0) were obtained. Water Content: 10.9" 
(Calcd. for C„H„N.O.S, 2HCI 4H,0: lO.r J; Purity as anhydrate: (determined 
30 by high-speed liquid chromatography): 99.6*„; Powder X-ray diffraction pattern: 30 
crystalline. 

(2) In the presence of phosphoric anhydride, 3 g of the crystals obtained in stage 
( I ) above were dried in a vacuum of 5 mmHg at 30'C for 2 hours and at 50*C for 5 
hours. The procedure yielded 2.6 g powders of said carboxylic acid 2HCI 0 I 

35 H,0 35 
Water Content: O.y*, (calcd. for C,.H„N,0,S, 2HCI 0 I H,0: 0.3° J; Powder 
X-ray diffraction pattern: non-crystalline; polarizing microscopy: as the slide was 
rotated, interference colours were observed through crossed Nicol prisms, 
attesting to optical anisotropv and therefore to crystalline powders Purity as 

40 anhydrate (determined by high-speed liquid chromatography): 99.6'*„. 40 

Example 9 

(1) To 5 ml of an aqueous solution containing 73 - 12 -(2 - imino -4 -thia/olin ■ 
4 - yl)aceUmido| - 3 - (I - 12 - (N.N-dimethylamino)clhyl| - IH - leira/ol - 5 • 
yllthiomethyl - 3 - cephem - 4 - carboxylic acid obtained in Example I -(2) (as 

•» determined by high-speed liquid chromatography, this solution contained I 0^ g of 45 

the above carboxylic acid and 15 mg of I - (2 - (N.N - dimethylamino)ethyl| - 5 - 
mercapto - IH - tetrazoic as well as traces of other impurities) there was added I 0 
ml of 4N.HCI and the resulting solution was gradually added dropwise to 300 ml of 
acetone previously cooled to S'^C. with stirring. The powderv precipitate was 
collected by filtration, washed 4 times with 5 ml portions of acetone and dried 50 
under reduced pressure. By the above procedure there were obtained I 2 g of said 
carboxylic acid 2HCI 12 H.O in powdery form. 

Water Content: 3.45% (Calcd. for C„H„N,OA 2HCI 1 .2 H,0: 3 48" V CI 
^on^^n* (determined by titration of AgNO,): 11.6% (calcd for 
C,.H„N,0«S, 2HCI 1.2 H,0: 11.4%); purity as anhydrate (determined hv high- ss 
speed liquid chromatography) 96.r. Powder X-ray diffraction pattern: non- 
crystalline. 

(2) 0.3 g of the powder obtained in stage (I) above were spread in a dish and 
allowed overnight to absorb moisture in a sealed vessel containing a saturated 
aqueous solution of NaBr at 25*C The powders were moistened, then became oiK 60 
and finally solidified. This solid was dried under reduced pressure to yield 0.3 s of 
said carboxylic acid 2HCI 2.3 H,0 in crystalline form 

Water Content: 6 6% (calcd for C„H„N.OA 2HCI 2.3 H,0: 6.5%); purity: 


II 


K589.g41 


I 95.r„; CI comcni (determined by elemental analysis): II (calcd. \\A%): 

I Powder X-ray difTraction pattern: crystalline. 

Example 10 

(I) To I t I of dichloromethane were added 42.4 g of 7 - amino - 3 • (I - 12 - 

5 (N.N . dimethylamino)ethyl| - IH - tetrazol - 3 - yllthiomethyl - 3 • cephem - S 
4 • carboxylic acid and. under stirrint at -iO*C. 59.8 % of dicycloheaylamine were 
added over a period of S minutes. After stirring for 20 minuten, 154 g of a solution 
of 4-chloro-3-oxo-butyryl chloride in dichloromethane (1.4 mot/kg) were added 
over a period of 35 minutes. After stirring for 35 minutes* 22 g of the same solution 

0 were further added, followed by stirring for 20 minutes. To this solution were added 10 
300 ml of water together with 20 ml of 5N-HCI, and the mixture was stirred at 25*'C 
for 30 minutes, Hltered and washed with water. The flltrate combined with the 
washings was washed with dichloromethane and the dichlorometliane layer was 
extracted with water. To the combined water layers were added 12.5 g of thiourea. 

5 and the resulting mixture was adjusted to pH 5.0 with sodium bicarbonate and 15 
allowed to stand at room temperature for 3 hours. The mixture was further aHowed 
to stand at tO^C overnight and then adiusted to pH 5.2 with sodium bicartwnate. 
This solution was passed through a column of Ambertite (trade mark) XAD-2 
( 100—200 mesh: 2.5 I) which was rinsed with 7.5 I of water and eluted with 4 I of 

:o I5**„ methanol and, then, with 6 I of 40r„ methanol in 6 fractions. The 2nd to 6th 20 
fractions eluted with 40*„ methanol were combined, concentrated and lyophilized. 
The above procedure yielded 37.1 g of 7^ - |2 • (2 - imino - 4 - thta/olin - 4 - 
vDacctamidol • 3 • |l -12 • (N.N - dimethylamino) - cthyll - IH - tetra/oi - 5 - 
vllthiomcthvl - 3 - cephem - 4 - cartK>xy1ic acid. 

!5 IR (KBr) cm ' 1765 (lactam) 25 

NMR (60 MM/, D,0) t: 3.45 (s. thiazolinc 5-H). 4 35 (CI, 7-H). 4 88 (d. 6-H). 
5.0-6 7 (m. 5xCH,). 6.95 (s. 2xCH,): 
CI content (elemental analysis): not more than 0.1";,; 
N; content (atomic absorption spectroscopy): not more than 100 ppm. 

30 (2) A lyophtlate of 7^ - |2 - (2 - imino - 4 - thiazolin - 4 - yl)acetamido| - 3 • JO 

11 - (2 - (N.N - dimethylamino)ethyl| - IH - tetra/ol - 5 - yllthiomethyl - 3 - 
cephem - 4 * carboxylic acid as obtained in stage ( I ) above was treated in a similar 
manner to that of stages (3) and (4) of Example I to yield said carboxylic acid 
dihydrochloride 0.64 hydrate in powdery form. 

NMR (60 MHz. D,0) t: 3.20 ($, thiazoline 5-H). 4 25 (d. 7.H). 4.75 (d, 6-H). 35 
4 9^ 5 (m. 5xCH,). 6.85 (s, 2kCH,). 

Example 1 1 

While a mixture of 3 ml of 1.5 N-HCI and 3 ml of /r-propanol was stirred at 
I0»C, 0.53 g of 70 . 12 - (2 - imino - 4 . thiazoline • 4 - vDacetamidol - 3 - II • 

12 - (N,N - dimethylamino)ethyl| - IH - tetrazol - 5 - yllthiomethyl - 3 - 40 
cephem • 4 - carboxylic acid obtained in Example IO-<l) was added. Then, 
following the addition of 9 ml of n-propanol, the mixture was stirred at IO**C for 5 
hours, and 9 ml of ff*propanol were added. The mixture was allowed to stand at 5*C 
overnight the extracted crystals were collected by nitration, dried in air and Hnallv 
deh>drated to yield 0.50 g of said carboxylic acid dihydrochloride dihvdrate in 45 
crystalline form. 

IR (KBr) cm 1770 </J-laciam), 1670. 1190. 1170 

Elemental analysis, for C^HjjN.O^S, 2HC! 2H,0 

Calcd C. 34.07; H.4.61; N, 19.86; CI. 1117 
?0 Found C, 33 81; H,4.50; N.20 II; CI. 10 98 50 

Test 

One sample of each of the following compounds was stored in a sealed vial at 
50-C for 4 weeks. 

The sodium salt, zwitter ion. and monohvdrochloride of 7^ . |2 - (2 - 
55 imino - 4 - thia/oline - 4 . yDacetamidol - 3 - (| . |2 - (N.N - 55 
dimethylamino)cthyir- IH - tetrazol - 5 - yllthiomethyl • - cephem - 4 - 
carboxylic acid, as well as the Ivophilized powders of said dthvdrochloride 
(amorphous powders. Example 4-(2)). the crystals of said acid dihydrochloride 
(Example l-(3)) and the non-crystalline powders obtained by drying said 
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dihydrochloride crystals (Example 1^4)) at nhtain»A Z " 

invention. ^ " " oWamed in accordance with this 

The water content and percentage residue H.ures were as follows. 


Sample 
Crystals of Example I -(3) 
Powdcn of Example l-(4) 
Product of Example 4-(2) 
Sodium salt(lyophilate) 
Zwitterion(lyophilate) 
Monohydrochloride (lyophilate) 


Water 
Content 

1.9 

0.50 

0.48 

0.50 

0.58 


°; Residue 
99»„ 
98 
86 
76 
54 
73 


60 


y AQ rt It Example 12 

las-d^srs-j.'^rroVjri^^^^^^ 

tetrahydrofuran. After Mand ng overni^hri?^ "^T"* 

filtered and washed with t«rahvdrnfur-« T V*^* resultmg crystals were 

hours afforded 2.4 . of the cS^i«U of .L'^^^ °f"'* ^^y"*'* "» for 2.5 
Water Content 15 l» pSi, v "rboxyhc acid 2HCI 6H,0 
cr ^.oment. 15. i „. Powder X-ray diffraction pattern: crystalline 

tn r 1 Example 13 

ivv" i u .''^ -imino -4 - thia/olin -4 - vDacetamidol - % II n 
(N.N - d.methylammo)ethyl| - IH - tetra/ol - 5 - vllthoSvl 3 ^iih..™ " 

Wai„ Con..ol: 12 9".. P„.de, x-ray diffracllor pac,„„ c,y„,ll,„e 
T . Example 14 

To «ne mixture of 12 5 fi of 7^ - amino - ^. li n ,vv 
dimethylaminokthyll - IH - tetra/ol - < - vllthomeihvl 1 ' V * ' 
carboxylic acid and 180 ml of dichlorome.h nc TeVe Jdde^ll S^/nf " 
buty amme under slirrmft at -I0« lo After is mm . iJ f 

obtained. To this solution were added 3q nmir.f y ui ' " «>luiion was 
dichloromethane ( I .M mM^ml) at - 1 5 fo ^iAL'^'T'^^.^'-^-f »-hutyr>l chlor.de m 
After stirrin, for 15 miJT ^i' ! O'C. he"'resul,m;' ""i ' 7i" ""^r" 
oxobutvramido) - 3 - 1 1 - I' . r\ v \ii»...K i ^ L' „' ' - ■ 

yllthiomethyl - 3 - cephem -4 ca^bo^X idd'h^ro^'M ' 

«hc reacion mixture with successive 40 ml and ^S m,^^^^^ T^' cMratted from 
The extracted aqueous lavers w/rr r^^K i '"'P«"'i>"* «f aqueous IN-HCI 

ponionsofdichlormethaie 5^Vof^h?o:^e^^ ^ 
the water layer and the mixture w« »t^r«w r iu "^"""'""^ added to 

standing overnight F lUatTJS JJd iLh nl !^^ J)""" ^' ^ ^^'"^ ''f' 
drying ,n »„a,a 'afforded 7°? g of ?n slils' of 7, p'"?"'' "^T 

4 - yDa/etamidoj - 3 - II - 12 - (N N d.m/.hJiji "i'u 1?""". " ** ' • 

yllthiomethyl - 3 - cephem - 4 carboxvt aTir2l^?^l\H n " V*^ ■ * 

riroVri;Va«'LT ''^ -^"nmI? J-^^LIo^eo^moTe'^r 

Water content: I0.5"„. ^UlVi- r;fd^;a;n?n^^rr'n:1.^^^^^^^^^^^ 

T in f 1 Example 15 

(NN 'diL'Shvliiminou.J?. ' 'T;""«hia/olin - 4 - yDacetamidol - 1 - || . p . 
4 - cartiryKcTobSed i " ^"^-'"''hyl ■ 3 • ciphem - 

were addeJ 46 ml o7»d 'i'ir:r:r^!S^''^C'^^;^^^^, 
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acetone, ihe mixture was stirred for 2 hours and another TOO tnlof acetone were 
added, followed by standint oveminht « 5;CThe «»«f2?^^f^^5 hL« at 
collected by fihralion. wtited with acetone and dned in a dencctior for 15 hours at 
1 5— 20*C in tortw. which afforded 04 g of crystals. 

Elemental analysis, for C„H„N.OA 2HCI H,0 OJ 3 acetone 

C. 35.39; H.4.49; N. 20.20; 5.15.38 


Calcd. 
Found 


C. 34.78; 


H.4.53; 


N. 19.87: 


S.15.38 


Water content: 2.9l».. Powder X-ray diffraction pattern: crystalline. 

EuantAt 16 , , n 

To I 7 ■ of 7B - 12 - (2 - imino - 4 • thiazolin - 4 • y^^cfttrnwol / f * ' 
(2 - (N.N . dimethyUminokthyll - IH - 

ceohem . 4 • carboxylic acid were added 8 ml of 2N.HCI. followed by the addition 
of 73 ml of ethanol After standing overnight at 5*C. the P«c.prtated crystals were 
collected by nitration and dried for 30 mm. in •^j^t'J'^^.^^f'J^ ',°i5^; 
crystals The ethanol content of these crystals was shown bv NMR (60 MHi. D,0) 
spictrum to be 0.65 mole per mole of the carboxylic acid ..k,„„i. 

Water Content: 7.70'„; Calcd. for 
7 9r„; Powder X-ray diffraction pattern: crystalline. 

Example 17 

To 1 64 g of 7A • 12 • (2 - imino - 4 - thia/olin - 4 - yl)acetamido| - 3 - II ■ 
12 - (N.N - dimethylamino)ethyll - IH - tetrazol - 5 - yllthiomethyl - 3 - 
cephem - 4 - carboxylic acid obtained by the same procedure ( I ) of Example 10 
vkcre added 10 ml of anhydrous methanol and 6.2 ml of IN-methanolic HU 
(anhydrous) The mixture was stirred to obtain a clear solution, which was added 
to 1 50 ml of anhydrous diethyl ether under stirring The resulting Pfec'P"«}e« 
nitered. washed with anhydrous diethvl ether and dried in vacuo to afford 1 .74 g of 
the powder of said carboxylic acid 2HCI. , u «. ui 

NMR (60 MHz. D,0) t: 3.20 (s. thiazolin 5-H). 4.25 (d. 7.H). 4.75 (d. ^-H). 

4.9—6.5 (m. 5-CH,). 6 85 (s. 2xCHj). 
Elemental analysis, for C„M„N,OA • 2HCI 

Calcd. C. 36.12: H. 4.21; N. 21.06 
Found C. 36 20: H. 4.25: N. 20.80 

Powder X-ray diffraction pattern: amorphous 
Polari/ing microscopic observation: amorphous. 


WHAT WE CLAIM IS — 

1. A solid cephalosporin derivative having the formula (I): 



( I ) 


COOH 


wherein X is chlorine or bromine and n is a number from zero to 6. 

2 A solid cephalosporin derivative as claimed in Claim I. wherein X is 
chlorine. 

3. A solid cephalosporin derivative as claimed in Claim 2. whcrem n is a 
number from 0.1 to 4. 

4 A solid cephalosporin derivative as claimed in Claim 2, wherein n is a 
number from I to 2. 

5 A solid cephalosporin derivative as claimed in Claim 2, wherein n is I 

6 A solid cephalosporin derivative as claimed in Claim 2. wherein n is 2. 
7. A process or producing a solid cephalosporin derivative having the formula: 


COOH > 
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wherein X is chlorine or bromine, and « is a number from zero to 6. which 
comprises reacting a compound of the formula (II): 


J7 



{ U i 


COOH 


or a sail thereof, with al least 2 molecular equivalents of an acid havmfj the 
5 formula: 

HX 

wherein X is chlorine or bromine. 

in the presence of water if necessary, and collecting the resulting solid material. 
8. A process according to Claim 7, wherein the product is the compound 
10 wherein X is chlorine and n is a number from 0.1 to 4 

9 A process according to claim 7. wherein the product is the compound 
uhcrcin X is chlorine and n is a number from I to 2. 

10 A process according to Claim 7 substantialU as herem described with 
reference lo any of the specific Examples. 

15 II A compound of the formula (I) as defined in Claim 1. when produced b> a 

process as claimed in any of Claims 7 to 10. 

12. A compound of the formula (I) as defined in Claim I substantially as herein 
described with reference to any of the specific Examples 

13 A pharmaceutical composition comprising a compound as claimed in any 
20 of Claims I to 6 or 1 1 or 12, together w ith a non-toxic, pharmaceuiicallv acceptable 
carrier or diluent therefor. 
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